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(1) 2 $R^{2}$ , $t=0$ (
) .
(2) , $\tau$ $T$
. $\rho$ ,
.
(3) $t=0$ $R^{2}$ ,
$v$ , $\mu(v)(v$








, $t$ , $x$ $h(x, t)$ .
$f(x, t)$ , $H=\{h(X, t), x\in[0, \infty), t\in[\tau, T]\},$ $F=$
$\{f(x, t), x\in[0, \mathrm{o}\mathrm{o}), t\in[0, T]\}$ .
$G(H, F)= \int_{\tau}^{T}\int_{X_{t}}h(x, t)f(x, t)2\pi Xdxdt$ (1)
, $X_{t}$ $t$ . $h(x, t)\geq 0$
$\int_{0}^{\infty_{h}}(x, t)2\pi Xdx\leq\rho,$ $\tau\leq t\leq T$ , $f(x, t)\geq 0$
$\int_{X_{t}}f(x, t)2\pi Xd_{X1}=,0\leq t\leq T$ . ,




. , $T=\{1, \cdots, T\}$ , $K=$
$\{1, \cdots, K\}$ . $t$ $i$ $t+1$ $j$
, $\mu(i, j)$ . $t=0$
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1 ,
$E$ . $\Omega$ ,
$\omega\in\Omega$ $t$ $\omega(t)$ . $t$ */ $\in K$
$\Omega_{i}^{t}:=\{\omega\in\Omega|\omega(t)=i\}$ . $t$ $\Phi(t)$
$\{\varphi(i, t), i\in K, t=\tau, \cdots, T\}$ , $\omega$ $\{\pi(\omega),$ $\omega\in$
$\Omega\}$ , $G( \varphi, \pi)=\sum_{\omega}\pi(\omega)\sum^{T}t=\tau\varphi(\dot{\mathrm{t}}v(b), t)$ , $\max_{\varphi}G(\varphi, \pi)=$






$t=\tau,$ $\cdots,$ $T,$ $i\in K$ , $\pi(\omega)\geq 0,$ $\omega\in\Omega,\sum_{\omega\in\Omega}\pi(\omega)=1$
[ ] , , $\Omega$
,
.
, $K=\{1, \cdots, K\}$ 1
, $t$ $i$ $t+1$ $i$
$|i$ $j|$ . $\mu(i, j)$ . $T=$
$9,$ $K=10,$ $E=9,\overline{S}=3,$ $\Phi(t)=1,$ $\mu(i, j)=(i-j)^{2}$
25312 , PD $\{\pi(\omega)\}$ ,
1 . 25312
1/25312 6 1 4325 , 6 5
. , {
$\mathrm{i},$ $3,5,6,6,6,6,6,6,6$ }, $\{1,4,4,4,4,4,.4,4,4,4,4\}-$ {1, 3, 4, 5, 6, 7, 8, 8, 8, 8} ,
0.0926, 0.0983 0.0430 . , $P_{D}^{S}$
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$t$ $z(t):= \max\int_{0^{t}}v(\xi)d\xi s.t$ . $0\leq v(\xi)\leq\overline{S},$ $\xi\in$
$[0, t],$ $\int_{0}^{t}\mu(v(\xi))d\xi\leq E$ . ,
. , $\{\mathcal{Z}(t)\}$ –
, $\underline{G}=\int_{\tau}^{T}\rho/(\pi z(t)2)dt$
. $\overline{t}:=E/\mu(\overline{S})$ , $z(t)$ .
$z(t)=\{$
$t\overline{S}$ , $0\leq t\leq t\sim$ , (2)
$t\mu^{-1}(E/t)$ , $t<t\sim$ .
( 1) $\mu(v)=v^{2}$ :
(i) $E/\overline{S}^{2}\leq\tau$ , $\underline{G}=\frac{\rho}{\pi E}\log(T/\mathcal{T})$
(ii) $\tau<E/\overline{s}^{2}<T$ , $\underline{G}=\frac{\rho}{\pi\overline{S}^{2}}(\frac{1}{\tau}-\frac{\overline{S}^{2}}{E})+\frac{\rho}{\pi E}\log\frac{T\overline{S}^{2}}{E}$
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. $v$ $g(v),$ $v_{l}\leq v\leq v_{u}\leq\overline{S}$ $t$
$x$ $(x, t)$ $w(t)$ ,
.
$f_{E}(x,t)= \frac{1}{2\pi xt}g(_{X}/t)+\frac{\xi_{E}(_{X)}}{2\pi x}g(x/\eta^{-1}E(X))$ , (3)
$w(t)= \max\{\min\{t\mu^{-1}(E/t), v_{u}t\},$ $\min\{t\mu^{-1}(E/t), Ev\iota/\mu(v_{l})\}\}$ (4)
, $\eta_{E}(\nu):=\nu\mu-1(E/\nu),$ $\xi_{E}(x):=-d(x/\eta_{E}^{-1}(x))/dx$ . 1 $x/t$
, 2 $E$
. (1) , $\overline{G}_{1}$
. $g(v)$ , $g(v)$
.
$\overline{G}_{1}=\min_{g(v)}\int_{\tau}^{\text{ }}\rho 0\leq x\leq w\mathrm{m}\mathrm{a}\mathrm{x}(t)f_{E}(x,t)dt$ (5)
( 2) $\mu(v)=v^{2},$ $g(v)=av+b(0\leq v\leq v_{u}\leq\overline{S}, b\geq 0)$ :
$v$ , $a,$ $b,$ $v_{u}$
, $\overline{G}_{1}$ .
(i) $T/\tau\geq 2$ , $\alpha:=\sqrt{E/T}\sqrt[4]{T/\tau-1}$ ,
(a) $\alpha\leq\overline{S}$ $\overline{G}_{1}=\frac{\rho}{\pi E}(2\sqrt{\frac{T-\tau}{\tau}}-1)$
(b) $\alpha>\overline{S}$ $\overline{G}_{1}=\frac{\rho}{\pi}\{\frac{1}{\overline{S}^{2}}(\frac{1}{\tau}-\frac{1}{T})+\frac{T}{E^{2}}\overline{S}^{2}\}-\frac{\rho}{\pi E}$
(ii) $T/\tau<2$ ,
(a) $\sqrt{E/T}\leq\overline{S}$ $\overline{G}_{1}=\frac{\rho}{\pi E}(\frac{T}{\tau}-1)$
(b) $\sqrt{E/T}>\overline{S}$ , $\overline{G}_{1}=\frac{\rho}{\pi\overline{S}^{2}}(\frac{1}{\tau}-\frac{1}{T})$
[ $\int_{\tau}^{\text{ }}\rho/(\pi y(t)2)dt$ $\{y(t))0\leq t\leq T\}$
. , $I(t):=$ {$0,0\leq t<\tau$ ;1, $\tau\leq t$ } .
$\{v(t\mathrm{m}\mathrm{i}\mathrm{n})\}\int_{0}^{\tau_{I(t}})/y(t)^{2}dts.t$. $\dot{y}(t)=v(t),$ $0\leq v(t)\leq\overline{S},$ $0\leq t\leq T,$ $\int_{0}^{\text{ }}\mu(v(t))dt\leq E$ $(6)$
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$v(t)$ , $H(\dagger,):=I(t\ovalbox{\tt\small REJECT})/y(b)^{2}+p(\iota)v(t)+\lambda\mu(v(t))$
, .
$\dot{y}(t)=\partial H/\partial p=v(t)$ , (7)
$\dot{p}(t)=-\partial H/\partial y=\{$
$0$ , $t<\tau$ ,
$2/y(t)^{3}$ , T\leq t ,
, $p(T)=0$ , (8)
$v(t)= \arg\min_{v(t)}H(t)=\{$
$\overline{S}$ , $p(t)\leq-\lambda\mu’(\overline{s})$ ,
$(\mu’)^{-1}(-p(t)/\lambda)$ , $-\lambda\mu’(\overline{s})<p(t)<-\lambda\mu’(\mathrm{o})$ ,
$0$ , $-\lambda\mu’(0)\leq p(t)$ ,
(9)
$\int_{0}^{T}\mu(v(t))dt=E$ (10)
$v(t)$ , $(b, V)$
, $p(b)+\lambda\mu(’\overline{s})=0$ $b$ $(b,\overline{S})$ , $p(\tau)+\lambda\mu’(V)=0$ $V$
$(\tau, V)$ . , $H(t)$ $t\geq b$ – .
$\int_{V}^{v(t)}\frac{\mu’’(v)}{\{H(b)+\lambda(v\mu’(v)-\mu(v))\}3/2}dv=-\frac{2(t-b)}{\lambda}$ (11)
$v(t)=\dot{y}(t)$ , $g(w)=2w$ $[0,1]$




( 3) $\mu(v)=v^{2}$ :
$l(x):= \frac{2E}{x}\sqrt{\frac{T-x}{T}}/\log\frac{\sqrt{T/(T-x)}+1}{\sqrt{T/(T-x)}-1}$
, (i) $l(\tau)>\overline{S}^{2}$ $l(b)=\overline{S}^{2}$ $b(>\tau)$ $V=\overline{S}$ $(b, V)$ , (ii) $l(\tau)\leq\overline{S}^{2}$




$V(T-t)\sqrt{b/(T-b)}/\sqrt{T(T-b)-(\tau-t)^{2}}$ , $b<t\leq T$
(13)
: $y(t)=\{$
$Vt$ , $0\leq t\leq b$
$V\sqrt{b/(T-b)}\sqrt{T(T-b)-(T-t)^{2}}$ , $b<t\leq T$
(14)





. , (6) $y(t)$
(4) $w(b)$ , $t$ $0\leq x\leq y(t)$
, $y(\theta)\leq x\leq w(t)$ (3) $f_{E}(x, t)$ , $\alpha(b)$ $\beta(t)$
. , –
.
$\int_{0}^{y(t)}\frac{\alpha(l)}{\pi y(t)^{2}}2\pi xdx+\int_{y(t)}^{w}(t)\beta(t)f_{E}(x, t)2\pi XdX=1$ , (16)
$\frac{\alpha(t)}{\pi y(t)^{2}}=_{y(t)^{\max}\leq x\leq w(t)}\beta(t)f_{E}(X, t)$ (17)
, $\gamma(t)$ , $Gapx=$
$\int_{\tau}^{\text{ }}m(t)dt$ .
$\gamma(t):=\frac{\alpha(t)}{\pi y(t)^{2}}=\frac{\max_{y(t)\leq x}\leq w(t)fE(Xt)}{\pi y(t)2f\max y(t)\leq x\leq w(t)E(x,t)+\int^{w}y(t(t))fE(_{Xt)}2\pi xdx},$
,
(18)
( 4) $\mu(v)=v^{2},$ $g(v)=av+b(0\leq v\leq v_{u}\leq\overline{S}, b\geq 0)$ :
(3) (18) $\gamma(t)$ . , $t^{*}$ $y(t^{*})=E/v_{u}$ .
$\gamma(t)=$
’
$\min\{1/(\pi v_{u}^{2}t^{2}), 1/(\pi y(t)^{2})\}$ , $t\leq E/v_{u}^{2}$ ,
$(E^{2}+v_{u}^{4}t^{2})/\{\pi v_{u}^{2}t^{2}(E2+y(t)^{2}v_{u}^{2})\}$ , $t>E/v_{u}^{2}$ $t\leq t^{*}$ , (19)
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